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18-February-2021 Landing 

Where Planning for Mars 2020 Navigation Started

Credit: NASA/JPL-Caltech/ASU/MSSS

Start with the answer (landing) and work backwards to find a 

navigation solution from Earth that satisfies all requirements
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Entry, Descent and Landing (EDL) 

Navigating To The Start Of The EDL Reference Trajectory

~600 km from entry to landing

~150 km

Altitude

EDL reference trajectory

~10 km (delivery)

~5.6 km 

(knowledge)

Rotating Mars

EDL wants Navigation to deliver the spacecraft at the beginning 

of their reference trajectory through the atmosphere and provide 

best trajectory information to be used onboard the spacecraft.

Å Think of the EDL reference trajectory as a 700 km long 

garden hose attached to Mars at the landing site while Mars 

is rotating. This means once every Mars day we can land.

Å NAV needs to enter the tube opening without hitting the 

inner walls (delivery) at a velocity of 5.5 km/sec after a 

journey of 470 million km. Flight path angle requirement

Å Provide trajectory update (knowledge) within the tube 

opening to EDL in the last few days before arriving at the 

opening of the tube

Beginning EDL reference 

trajectory Landing site
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Flying from Earth to Mars Jezero Crater,

Same as Hole In One from New York to Perth (AUS)

TCM-2

TCM-1
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Shortest Path 

from New York 

to Perth (AUS)

Trajectory Correction Maneuver (TCM)

Target in Perth is a golf hole (10 cm in diameter) 
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Photo licensed under the Creative Commons Attribution-Share Alike 3.0 Unported license

https://commons.wikimedia.org/wiki/File:WorldMap-B_with_Frame.png
https://en.wikipedia.org/wiki/en:Creative_Commons
https://creativecommons.org/licenses/by-sa/3.0/deed.en


4
Institute of Navigation Webinar, 23 March 2021

ÂAtmospheric Entry Delivery Accuracy 

ÄEntry flight path angle error of less than or equal to 0.2 degrees (3s)

ÄEntry point within  5.0 km (3s) in the cross-track direction from entry target

ÂAtmospheric Entry Knowledge Accuracy 

ÄProvide Flight System (FS) with an inertial state vector at the entry epoch with an 

accuracy of 2.8 km in position and 2.0 m/s in velocity (3s). 

ÂPlanetary Protection

ÄProbability of the launch vehicle upper stage impacting Mars shall be less than 0.0001 

for 50 years. 

ÄProbability of non-nominal impact of Mars due to failure during the Cruise and Approach 

phases shall not exceed 0.01

Â Trajectory Correction Maneuver (TCM) Total Propellant Budget 

ÄThe mission system trajectory design and navigation plan shall require a set of TCMs 

whose total implemented propellant usage is no greater than 45 kg (99% probability)

Key and Driving Mars 2020 Navigation Requirements
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The Navigation Process

From ñNavigation between the Planetsò, W. G. Melbourne, Scientific American, June 1976 
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Using The Deep Space Network For Navigation to Mars 

Mars 4 70800000 km

Navigation via rear view mirror, looking back at Earth

Trajectory curvature due to Mars gravity starts to be  observable about 20 hours before landing

DSN Complexes:

Å Canberra (AUS)

Å Goldstone (USA)

Å Madrid (Spain)
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DSN Doppler and Range Tracking

ÅCalibrations needed for Earthôs troposphere and ionosphere

ÅEarth Orientation Parameters and Earthôs ephemeris modeling needed

Å Mars 2020 Doppler data weight = 0.1 mm/sec (1 s)

Å Mars 2020 Range data weight   = 3.0 m (1 s)
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DSN Delta Differenced One-Way Range (æDOR)

ÅæDOR measures the angular distance between a quasar and Mars 2020

ÅMars 2020 æDOR data weight = 60 psec or ~2.4 nrad (1 s)

ÅæDOR data weight translates to ~500 m at Mars distance

Range
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Spacecraft Position
Uncertainty Ellipsoid
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Mars 2020 Heliocentric Trajectory

Used for DSN Radiometric Tracking Planning Schedule

Launch Period from

07/17/2020 to 08/12/2020
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Mars 2020 DSN Radiometric Tracking Schedule

Phase

Relative Dates Calendar Dates
Doppler/

Range
DDOR

Start End Start End

Early Cruise Launch L + 30 day 07/17/2020 08/16/2020 Continuous None

Cruise L + 30 day E ï67 day 08/16/2020 12/13/2020
5 8-hr 

passes/week*
1 session/week

Late Cruise E ï67 day E ï45 day 12/13/2020 01/04/2021
5 8-hr 

passes/week*
2 sessions/week**

Approach E ï45 day E ï28 day 01/04/2021 01/21/2021 Continuous 2 sessions/week

Final

Approach
E ï28 day Entry 01/21/2021 02/18/2021 Continuous 2 sessions/day

Notes:

* Additional continuous coverage from two days before to two days after TCM-2 and TCM-3. 

* Includes 7 8-hr passes/week two weeks  prior to TCM-2 and TCM-3 (some of the continuous coverage around the 

maneuver has been moved prior to the DCO)

** Two sessions/week on alternating baselines two weeks prior to TCM-2 and TCM-3 and two days after TCM-2 and TCM-3.
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ÂTrajectory Correction Maneuver Objectives:

ÄRemove Launch Injection Bias 

(Planetary protection requirement)

ÄSatisfy Non-nominal impact probability       

(Planetary protection requirement)

ÄRemove Orbit Determination (OD) Errors

ÂMars 2020 Maneuver Plan

ÄTCM-1 (L+15 days): Reduce injection bias

ÄTCM-2 (L+60 days): Reduce injection bias

ÄTCM-3 (E-60 days): Target entry interface

ÄTCM-4 (E-8.6 days): Correct TCM-3 and OD errors

ÄTCM-5 (E-2.6 days): Correct TCM-4 and OD errors

ÄTCM-5X (E-1.6 days):Contingency maneuver

ÄTCM-6 (E-9 hours): Contingency maneuver

Mars 2020 Trajectory Correction Maneuver Strategy

Greyed out TCMs were waived


